INTRODUCTION
============

Breast cancer is by far the most common type of cancer in women and becoming a health concern globally. There were approximately 232,670 new cases and 40,000 deaths from breast cancer in the United States in 2014.^[@R1]^ The improvement in detection and various treatments, such as surgical resection, adjuvant chemotherapy, hormonal therapy, targeted therapy, and radiation therapy, are responsible for the improved survival and reduced risk of recurrence.^[@R2],[@R3]^ Classified according to the tumor node metastasis (TNM) staging system and their molecular features,^[@R4],[@R5]^ breast cancer patients received various treatment options and experienced different prognoses. However, recurrence and metastasis still remain big problems for cure, especially for patients in advanced stages.^[@R6]^

Currently, besides the tumor-related factors, the host-related factors are considered as important factors in determining cancer recurrence and survival. Systemic inflammatory response has long been associated with tumor development.^[@R7]--[@R9]^ Cancer-associated inflammation is potentially implicated in the process of proliferation and metastasis, promoting angiogenesis, restraining antitumor immunity, and inducing subsequent poor prognosis.^[@R10]--[@R12]^ Furthermore, cytokines produced by tumor cells, such as granulocyte colony stimulating factor (G-CSF) and interleukin (IL)-6, could stimulate the proliferation of leukocytes and the latter in turn link to the progression of cancer.^[@R13]^ Lymphocytes and monocytes are essential inflammatory cells in the systemic inflammatory response.^[@R14],[@R15]^ By inducing cytotoxic cell death and inhibiting tumor cell proliferation, lymphocyte could serve as tumor suppressors.^[@R9],[@R16]^ Conversely, monocyte could differentiate into tumor-associated macrophages (TAMs) at tumor sites and promote the invasive and metastatic ability of tumor cells by constructing tumor microenvironment.^[@R17],[@R18]^ A low pretreatment lymphocyte to monocyte ratio (LMR), indicating a lower lymphocyte count and a higher monocyte count, is found to link with poor prognosis in colon cancer, lung cancer, and hematological malignancies.^[@R19]--[@R21]^

However, the link between peripheral LMR and breast cancer is not completely defined. Therefore, we performed a retrospective cohort study on breast cancer patients underwent surgical treatment and investigated the prognostic value of preoperative peripheral lymphocyte, monocyte, and LMR for breast cancer.

MATERIALS AND METHODS
=====================

Study Population
----------------

Patient histologically confirmed as primary breast cancer between January 2002 and December 2008 in Sun Yat-Sen University Cancer Center (SYSUCC) in Guangzhou, China were retrospectively reviewed. The inclusion criteria were as follows: received surgical treatment; female; and pathological diagnosed as invasive ductal carcinoma or invasive lobular carcinoma. Exclusion criteria included: received neoadjuvant chemotherapy or radiotherapy before surgery; had surgical treatment before admission; with previous or coexisting cancers other than breast cancer; confirmed metastasis; current or potential inflammation: neutrophilic granulocyte percentage \>70% or C-reactive protein \>10 mg/L; and not enough data can be extracted. All patients were followed up to December 31, 2014 or date of deaths from any causes.

Clinical Data Collection
------------------------

Baseline characteristics including age, menstrual status, pathological diagnosis, histologic grade, axillary lymph node status, hormonal receptor, and human epithelial growth factor receptor-2 (HER-2) status, date of last follow-up or death, and preoperative peripheral lymphocyte and monocyte count were collected. Blood sample was collected on an empty stomach and sent to the clinical laboratory. Complete blood count was performed as part of routine clinical evaluation prior to the surgery. The clinical stage was determined by the TNM staging system according to the American Joint Committee on Cancer. The intrinsic subtypes were as follow: Luminal A (estrogen receptor \[ER\]+, progesterone receptor \[PR\]+, HER-2−, and Ki-67 ≤ 14%), Luminal B (ER+ and HER-2+ or Ki-67 \> 14%), HER-2 overexpressing (ER−, PR−, HER-2+) and triple-negativer breast cancer (ER−, PR−, HER-2−). HER-2 positive was defined as "3+" in immunohistochemical test or "positive" in HER-2 fluorescence in situ hybridization test. The follow-up of patients was performed through out-patient medical records, telephone, or letters by Department of Follow-Up and Medical Record Management.

Statistical Analyses
--------------------

Preoperative peripheral lymphocyte and monocyte count are expressed as means (± standard deviation), and categorical data were described using numbers and percentages. The LMR was defined as the absolute lymphocyte count (ALC) divided by the absolute monocyte count (AMC). Young breast cancer patient was defined as \<35 years old. The endpoints assessed were overall survival (OS), calculated from the time of pathological diagnosis to the date of death from any causes or last follow-up. The relationship between patients' characteristics and the ALC, AMC, and LMR were assessed by unpaired *t* test or 1-way analysis of variance (ANOVA), and difference between categories was examined using the Chi-squared test. The clinical significance and the optimal cut-off value of ALC, AMC and LMR were determined by the receiver operating characteristic (ROC) curve analysis, and patients were stratified into 2 ranges according to the cut-off value. Kaplan--Meier method was performed for survival analyses and compared by log-rank test. Univariate analyses and multivariate analyses (Cox proportional hazards model) were performed to determine the influence of potential confounding factors on OS. Hazard ratios (HRs) and the corresponding 95% confidence intervals (CIs) estimated from the Cox analysis were regarded as relative risks, and a 2-tailed *P* value \< 0.05 was considered significant. All statistical analyses were performed using SPSS 19.0 (SPSS, Inc., Chicago, IL) in the present study.

Ethics Statement
----------------

The study protocol was approved by the Independent Ethical Committee/Institutional Review Board of SYSUCC, and written informed consent was obtained from each participant prior to surgery. All patients were anonymous and de-identified prior to analysis.

RESULTS
=======

Patient Characteristics
-----------------------

A total of 3156 consecutive patients with histopathologically confirmed breast cancer in SYSUCC were reviewed, and 2000 patients were finally enrolled after screening process (Figure [1](#F1){ref-type="fig"}) and no inflammatory breast cancer patient was included. Baseline clinicopathological characteristics are shown in Table [1](#T1){ref-type="table"}. The median follow-up time was 75 months (range 3--144 months), and death occurred in 326 (16.3%) of the 2000 breast cancer patients. The median age of the enrolled patients was 49.4 years (range: 22--94 years), and 168 (8.4%) patients were under age 35. The mean ALC and AMC were 2.11 ± 0.62 (×10^9^/L) and 0.47 ± 0.23 (×10^9^/L), respectively, with a mean LMR of 5.10 ± 2.77.

![Flow chart of the patient selection.](medi-94-e2266-g001){#F1}

###### 

Clinicopathological Parameters of Breast Cancer Patients (n = 2000)
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The Optimal Cut-Offs of ALC, AMC and LMR
----------------------------------------

ROC curve analysis was performed to determine the optimal cut-off values for ALC, AMC and LMR (Figure [2](#F2){ref-type="fig"}). The cut-off values of ALC, AMC and LMR were 2.20 × 10^9^/L, 0.48 × 10^9^/L, and 3.80, respectively, with highest Youden' s index. Enrolled patients were stratified into 2 levels (low- and high-) according to cut-off points. One thousand one hundred fifty (57.7%) patients were categorized as low-ALC group and 850 (42.5%) patients were categorized as high-ALC group. Similarly, 1038 (51.9%) patients were categorized as low-AMC group while the remaining 962 (48.1%) patients as high-AMC group, and 590 (29.5%) patients were categorized as low-LMR group while the remaining 1410 (70.5%) patients as high-LMR group. No correlation was identified between AMC level and age, menopausal status, tumor types, histologic grades, tumor sizes, lymph node status, ER/PR status, and HER-2 status (all *P* \> 0.05, Table [1](#T1){ref-type="table"}). Patients who experienced poor outcome had significantly increased AMC compared with patients better prognosis (*P* \< 0.001).

![ROC curves assessing the cut-off of ALC, AMC, and LMR for predicting the overall survival in the cohort study. The AUCs for each parameter were 0.513 (*P* = 0.461), 0.562 (*P* \< 0.001), and 0.459 (*P* = 0.02), respectively. ALC = absolute lymphocyte count, AMC = absolute monocyte count, LMR = lymphocyte to monocyte ratio, OS = overall survival, ROC = receiver operating characteristic.](medi-94-e2266-g003){#F2}

Association of ALC, AMC and LMR With OS
---------------------------------------

The 10-year OS rate was 77.6% for all 2000 patients, and the mean survival time was 123.6 months (95% CI: 121.6--125.5). In the univariate analysis, AMC and LMR were both significantly associated with OS in breast cancer patients with the HR was 1.565 and 0.776, respectively (both *P* \< 0.05). The HR for ALC was 1.166 (95% CI: 0.938--1.449, *P* = 0.167) and no prognostic significance was proven. Other identified prognostic factors for OS included menstrual status, tumor size, lymph node status, ER/PR status, and HER-2 status (Table [2](#T2){ref-type="table"}).

###### 

Univariate and Multivariate Analyses of AMC and LMR for OS in Breast Cancer
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To identify independent prognostic factors for OS, multivariate analysis by the Cox proportional hazard model was performed and the AMC retained independent significance (HR = 1.374, 95% CI: 1.045--1.807, *P* = 0.023). Survival analysis showed that breast cancer patients with higher monocyte count (\>0.48 × 10^9^/L) had a significantly poorer survival than patients with lower monocyte count (116.0 vs 127.6 months, *P* \< 0.001; Figure [3](#F3){ref-type="fig"}). No statistical significance of the prognostic effect of LMR was observed in the multivariate analysis (*P* = 0.236). Other prognostic factors included menstrual status, tumor size, lymph node status, ER status, and HER-2 status.

![Kaplan--Meier estimates of the overall survival of breast cancer patients according to the AMC level in overall patients. AMC = absolute monocyte count.](medi-94-e2266-g005){#F3}

In multivariate analysis stratified by clinical stages, elevated AMC was significantly related to worse OS in stage II--III breast cancer patients (HR = 1.450 and 1.693, respectively, both *P* \< 0.05; Table [3](#T3){ref-type="table"}), while no statistical significance was proven in the stage I patients (*P* = 0.231). Meanwhile, the AMC was indicated as risk factor for breast cancer patients of Luminal B, HER-2 overexpressing subtype, and triple-negative breast cancer subtypes (all *P* \< 0.05; Table [3](#T3){ref-type="table"}). The clinical outcomes of Luminal A breast cancer patients with high monocyte counts were not significantly different with patients with low monocyte counts (*P* = 0.170).
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Prognostic Impact of AMC in Various Clinical Stages and Intrinsic Subtypes
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DISCUSSION
==========

Growing evidence has suggested an important role of inflammation in cancer development, tumor angiogenesis, and metastasis. Chronic oxidative stress and the oxygen free radicals caused by the inflammatory response could lead to cancer initiation and promotion.^[@R22],[@R23]^ As a marker of systemic inflammation, preoperative leukocyte levels are considered to be in association with prognosis in various carcinoma.^[@R24],[@R25]^ The leukocytic cell ratios, including neutrophil to lymphocyte ratio, platelets to lymphocyte ratio, and LMR, are routinely available markers of the systemic inflammatory response and identified as prognostic parameters in several solid tumors and leukemia.^[@R26]--[@R29]^

In the present study, we retrospectively analyzed 2008 consecutive breast cancer patients who received surgeries as primary treatments and found that: only AMC was an independent prognostic factor for patients with breast cancer, the prognostic value of ALC and LMR could not be confirmed (*P* = 0.241 and *P* = 0.236); high AMC levels (\>0.48 × 10^9^/L) were associated with poor clinical outcome in more advanced stages (II--III) and Luminal B, HER-2 overexpressing, and triple-negative breast cancer subtypes. Previous studies have shown a link between monocyte and cancer progression. The prognostic value of monocyte was reported not only in lymphomas, but also in nonhematologic malignancies.^[@R30],[@R31]^ Increase of circulating monocyte was associated with poor progression-free survival and OS in nonsmall cell lung cancer, gynecological cancer, and gastrointestinal cancer.^[@R32]--[@R34]^

The possible mechanism of the independent association between circulating monocyte and cancer prognosis may be related to the activation of innate immunity during the tumor progression.^[@R34]^ Act as chemotactic factor, the monocyte chemoattractant protein 1 is up regulated in tumors and can induce the increase of monocyte lineage cells in the tumor site directly, which usually correlate with a more advanced stage of cancer.^[@R35]^ Furthermore, the inflammatory monocytes recruited into tumor sites by the CCL2/CCR2 chemokine axis can differentiate into TAMs^[@R17]^ and become a major component of the tumor microenvironment. Positive correlation between the TAM count and circulating monocytes is demonstrated in previous study.^[@R36]^ By producing a great diversity of cytokines, such as VEGFA, MMP-9 and PDGF, TAMs can promote the invasion and metastasis of cancer cells.^[@R37]^ Coculture of cancer cells with macrophages can enhance cancer cell matrix-degrading activity, promote the invasive potential of cancer cells, which correlate with poor prognosis in cancers.^[@R18]^

In the subgroup analysis based on different clinical stages and intrinsic subtypes, the predictive value of AMC was significant in patients with stage II--III (both *P* \< 0.05), while the stage I patients showed no statistical significance (*P* = 0.231). It is in line with the idea that the monocyte mainly plays roles in the cancer invasion and metastasis, not in the proliferation of the tumor cell.^[@R37],[@R38]^ That may be the possible reason for no prognostic effect of AMC in the early stage breast cancer patients.

The prognostic value of AMC was statistically significant in Luminal B, HER-2 overexpressing subtype, and triple negative breast cancer subtypes, not in Luminal A subtype. Since the OS was distinctly different among various subtypes, and patients of Luminal A subtype experience best OS. HER-2 is considered as an oncogene of the MAP-Kinase and PI3K/AKT/mTOR signaling pathways leading to cell growth and proliferation.^[@R39],[@R40]^ Previous studies indicate that patients with ER/PR-negative experienced higher risk of cancer relapse than those with ER/PR-positive.^[@R41]^ Thus monocyte may contact with tumor cells and assist the metastasis in the more invasive subtypes.

In our study cohort, the ALC was not identified as an independent favorable prognostic factor in breast cancer. The reason may be that different lymphocyte subsets manifest various effects in tumor development and metastasis. In breast cancer and lung cancer, CD8^+^ T lymphocytes were considered as antitumor lymphocyte and have favorable effect on cancer patients.^[@R42],[@R43]^ Conversely, CD4^+^CD25^+^Foxp3^+^ regulatory T lymphocytes (Tregs) can inhibit cytotoxic responses and associate with poor clinical outcome.^[@R44]^ Thus the ALC could not accurately reflect the prognostic effect of lymphocytes in cancer patients.

AMC provides an easily available and low-priced biomarker for prognostic evaluation. However, several limitations existed in the present study. Firstly, because of the retrospective nature of the study, selection bias could not be excluded even though consecutive patients were enrolled. Secondly, although we excluded patients with potential inflammation by neutrophilic granulocyte percentage and CRP levels, potential confounding factors, such as autoimmune disease and hepatic dysfunction, still may still existed and affected the circulating monocyte counts. Finally, specific quality control analysis was performed by different quality inspectors since the white blood cell count was obtained as a routine clinical test before surgery.

In conclusion, our study suggested that high pretreatment count of circulating monocyte is independently associated with poor prognosis in breast cancer patients. And large, prospective studies are needed to validate the prognostic effect of circulating monocyte in the future.

Abbreviations: ALC = absolute lymphocyte count, AMC = absolute monocyte count, ANOVA = 1-way analysis of variance, ER = estrogen receptor, HER-2 = human epithelial growth factor receptor-2, HR = hazard ratios, LMR = lymphocyte to monocyte ratio, PR = progesterone receptor, ROC = receiver operating characteristic, TAM = tumor-associated macrophages.
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